In the setting of human immunodeficiency virus (HIV) infection, the clinical implications of American Thoracic Society (ATS) diagnostic criteria and the significance of a single positive respiratory culture for Mycobacterium kansasii are unknown. We retrospectively studied HIV-infected patients with pulmonary M. kansasii isolated between 1989 and 2002 at one institution. Of 127 patients, 33% fulfilled ATS disease criteria. Twenty-nine percent received at least three active drugs for at least 3 months, and 53% died. In survival analysis, a lower CD4 count (hazard ratio [HR], 1.6; 95% confidence interval [CI], 1.1-2.3) and positive smear microscopy (HR, 2.8; 95% CI, 1.3-6.1) were associated with mortality, whereas antiretroviral therapy (HR, 0.3; 95% CI, 0.1-0.8) and M. kansasii treatment (HR, 0.4; 95% CI, 0.2-0.9) were associated with survival. ATS criteria did not predict mortality (HR, 0.9; 95% CI, 0.4-1.9). Fifteen patients (12%) apparently had indolent infection, not requiring immediate therapy. They had fewer positive cultures and lower rates of positive smear microscopy and ATS-defined disease. In HIV-infected patients with pulmonary M. kansasii infection, predictors of survival include higher CD4 counts, antiretroviral therapy, negative smear microscopy, and adequate treatment for M. kansasii infection, but not ATS diagnostic criteria. Withholding treatment in HIV-infected patients with respiratory M. kansasii isolates should only be considered with negative smear microscopy, few positive cultures, and mild immunosuppression.
a high frequency of drug toxicities and interactions between antimycobacterial and antiretroviral agents (12, 13) .
Characteristics associated with survival and factors that distinguish disease from indolent infection have been incompletely studied in HIV-associated M. kansasii. In a systematic review, 8% of HIV-infected patients with pulmonary M. kansasii isolates had indolent infection, but definitions varied between studies (1). ATS guidelines require clinical, radiographic, and microbiologic criteria to diagnose disease (Table 1 ). In the review, patients who fulfilled ATS criteria likely had clinically important disease, but there were few data regarding outcomes in patients who did not fulfill ATS criteria. In addition, there were inadequate data to assess the prognostic importance of the ATS diagnostic criteria. Treatment with antimycobacterial therapy was associated with longer average survival (2, 3, 7, 9, (14) (15) (16) , but other prognostic features were not assessed. A recent retrospective analysis of 55 patients with HIV-associated pulmonary M. kansasii found highly active antiretroviral therapy (HAART) and the absence of disseminated infection were associated with improved survival (5) . This analysis was limited by the paucity of patients who did not meet ATS criteria (11 patients) and few deaths.
In the context of limited data regarding the prognostic factors and the uncertainty surrounding the identification of patients with indolent infection, we studied consecutive HIV-infected patients with a pulmonary M. kansasii isolate for over 13 years at one institution. We sought to investigate the prognostic importance of factors including ATS criteria and antimycobacterial treatment and to identify the frequency and characteristics of patients with indolent infection. Some of our results were previously reported in an abstract (17) .
METHODS

Patients and Definitions
We retrospectively studied all HIV-infected patients with M. kansasii in a respiratory specimen at the San Francisco General Hospital between December 1989 and July 2002, identified by microbiology records. The committee on human research at the University of California, San Francisco approved this study.
ATS diagnostic criteria were determined retrospectively from microbiologic, clinical, and radiographic records using the 1997 guidelines in all cases. Drugs considered active against M. kansasii were isoniazid, rifamycins, ethambutol, newer macrolides, and fluoroquinolones. We defined treatment for M. kansasii infection in two ways. First, "any treatment" (at least two drugs for at least 3 months) was judged to be the minimum required to alter clinical outcomes. The absence of "any treatment" was required for the designation of "long-term untreated." Second, "minimal significant treatment" (at least three drugs for at least 3 months), used for the survival analysis, was judged to be required to observe a significant clinical impact. Our treatment definitions were based on recommendations that treatment should include three drugs for 18 months (11). Indolent infection was defined by untreated longterm survival (at least 2 years without treatment with at least two drugs for at least 3 months). Characteristics of "untreated long-term survivors" were compared with "non-long-term survivors" (patients who survived less than 2 years regardless of treatment). Additional details regarding patients and definitions are provided in an online supplement. 
Statistical Analysis
Continuous variables are presented as mean (SD) or median (interquartile range) and compared with t tests or Mann-Whitney U. Categoric variables were compared with Yates-corrected chi-square or Fisher's exact tests.
In survival analysis, we assessed ATS diagnostic criteria, smear microscopy, number of positive cultures, minimal significant antimycobacterial treatment, CD4 count, and HAART. Although smear microscopy and number of positive cultures are components of ATS diagnostic criteria, they were all retained because collinearity between them was lower than the predefined threshold of 0.6. An interaction between HAART (ever received during observation period) and time was modeled because the hazard ratio for HAART varied over time. Variables with missing values in greater than 15% of patients were excluded from analysis. Sex and age were not included in the primary analysis because of inadequate variability (90% men, very narrow age range). The era of diagnosis was classified as early (1989) (1990) (1991) (1992) (1993) (1994) (1995) or recent (1996) (1997) (1998) (1999) (2000) (2001) (2002) , reflecting introduction of HAART, and studied in secondary analyses. The primary analysis was a multivariable extended Cox model containing all variables. Secondary analyses included bivariate Cox models for all variables, Kaplan-Meier survival curve comparisons (Wilcoxon tests) for selected variables, models using backward selection, testing for interactions between treatment and baseline predictors, and models including sex, age, and radiographic abnormality. To optimize power, we maintained at least 10 events per variable (18) .
To minimize bias favoring survival in treated patients, assessment of treatment was limited to patients surviving for at least 3 months, regardless of therapy. Analyses were performed using SAS R version 8.0 (SAS Institute, Cary, NC). Additional details regarding statistical analysis are provided in an online supplement.
RESULTS
Patients, Treatment, and Outcomes
Over the 12-year study period, 156 patients with M. kansasii infection were identified. One hundred forty-nine patients had available records. One hundred thirty-four patients were known to be HIV infected, and 127 patients had at least one pulmonary isolate. Two patients had documentation of previous M. kansasii isolation. Isolation of M. kansasii was made in the recent era (1996 or later) in 73 of 127 patients (57%). Patients in the two eras were generally similar, but CD4 counts were higher in recent-era patients (median [interquartile range], 41 vs. 32 , p ϭ 0.047). Patient characteristics are presented in Table 2 . CD4 lymphocyte count, at the time of first isolate, was unavailable and was therefore imputed in 11 patients. Viral load was unavailable in 45% of patients and was therefore excluded from survival analysis. The minority of patients (33%) fulfilled ATS diagnostic criteria for disease. Chest radiographic criteria were fulfilled by 103 of 117 (88%) patients with adequate data (data incomplete in 8%). Clinical criteria were fulfilled by 81 of 116 (70%) patients with adequate data (data incomplete in 9%). Microbiologic criteria were fulfilled by 56 of 127 (44%) patients. Thirty three of 35 patients (94%) failed to fulfill the clinical component of ATS criteria because of a failure to reasonably exclude another illness as the cause of symptoms. Other diagnoses in this group included Pneumocystis pneumonia in 14 patients, community-acquired pneumonia in 10 patients, pulmonary vascular congestion in four patients, lymphoma in two patients, and tuberculosis, uremia, and multiple other problems in one patient each. Reclassifying the 33 patients in whom we failed to exclude another cause of their symptoms as patients fulfilling ATS diagnostic criteria did not significantly affect the results of subsequent analyses.
Data regarding treatment of M. kansasii are presented in Table 2 . Patients who fulfilled ATS diagnostic criteria were more likely to receive minimal adequate anti-M. kansasii treatment (48% vs. 19%, p ϭ 0.01). A total of 79 (62%) patients had therapy against M. kansasii initiated. Rates of treatment were similar in early and recent eras. Therapeutic regimens included a median of three (2-4) drugs and lasted a median of 9 (1-14) months. Of patients started on therapy, 18 of 79 (23%) were treated for at least 12 months. Regimens included ethambutol in 79 patients (100%), a rifamycin (usually rifampin) in 65 patients (82%), isoniazid in 58 patients (73%), a macrolide (clarithromycin or azithromycin) in 31 patients (39%), and a quinolone in 5 patients (6%).
The median (interquartile range) follow-up duration was 305 (115-831) days overall, 300 (138-721) days in patients who fulfilled ATS disease criteria, and 391 (116-1,181) days in patients who did not fulfill ATS disease criteria (p ϭ 0.72 for the difference by ATS criteria). Mortality during follow-up was 53% overall, 56% in patients who fulfilled ATS disease criteria, and 50% in patients who did not fulfill ATS disease criteria (p ϭ 0.64 for difference by ATS criteria). At 2 years, 29% of all patients, 23% of patients who fulfilled ATS disease criteria, and 31% of patients who did not fulfill ATS disease criteria had died (p ϭ 0.50 for difference by ATS criteria). Of the 67 deaths, 5 (7%) were definitely attributable to M. kansasii infection, 7 (10%) to PCP, 19 (28%) to other infection or undiagnosed infection, 10 (15%) to undiagnosed respiratory failure, 9 (13%) to neoplasia, 8 (12%) to other causes, and 9 (13%) were unknown. It is likely that some of the deaths in the undiagnosed infection and respiratory failure groups were due to M. kansasii infection but could not be proven from the available data. Because of incomplete data, not all characteristics sum to column total. * ATS criteria could not be determined for seven patients. † p Value calculated for comparison between patients with and without ATS-defined disease. ‡ Greater than 15% missing data and therefore excluded from survival analyses.
Survival Analysis
The primary analysis was a full model (all explanatory variables shown in Table 3 forced into the model). As noted in Methods, sex and age were excluded because of inadequate variability. Hazard ratios from the primary analysis are presented in Table  3 . Lower CD4 count, an absence of HAART, a lack of minimal adequate M. kansasii treatment, and positive smear microscopy were all statistically significantly associated with mortality. Differences between Kaplan-Meier survival curves for both positive smear microscopy and minimal adequate M. kansasii therapy were significant by Wilcoxon tests (Figure 1 ). Figure 1C suggests that a beneficial effect of treatment was most apparent in smearpositive patients. Of the variables entered into the model, only the number of positive respiratory cultures and ATS-defined disease status were not statistically significant. In secondary analyses, age, sex, and type of chest radiographic abnormality were not statistically significant and did not significantly alter other results. In bivariate survival analysis, recentera patients had lower mortality; however, this effect was lost in multivariable analyses, and forcing this variable into multivariable models did not significantly affect the results of these analyses. Additional secondary analyses, including bivariate Cox models (assessing the variables individually) and the primary multivariable analysis performed with backward automated model selection, yielded results consistent with the primary analysis. In addition, studying the effect of treatment in the entire cohort, rather than exclusively the patients who survived for at least 3 months, showed a very strong association with survival. Whether patients fulfilled clinical, radiographic, or microbiologic components of the ATS diagnostic criteria was also assessed individually, and none was significantly associated with survival. We also repeated the primary analysis without imputed data for CD4 counts and with patients who fulfilled all ATS criteria except clinical criteria (caused by failure to exclude another cause for their symptoms) reclassified as fulfilling ATS disease criteria. Results of these analyses were consistent with the primary analysis. Finally, in testing for interactions with treatment, we found that the association between microscopy smear positivity and mortality was stronger in the absence of treatment (HR, 4.2; confidence interval, 1.8-9.9; vs. HR, 2.8; confidence interval, 1.3-6.1, in treated patients).
Long-term Untreated Survivors
Patients who survived for at least 2 years in the absence of treatment with at least two drugs active against M. kansasii for at least 3 months were classified as "long-term untreated survivors." For the purpose of our analysis, we assumed long-term untreated survivors had indolent infection with M. kansasii. Table 4 contains characteristics of the 15 long-term untreated survivors compared with characteristics of patients who died within 2 years, regardless of treatment ("non-long-term survivors"). Long-term untreated survivors had fewer positive cultures (pulmonary and extrapulmonary) and lower rates of positive smear microscopy Results of primary analysis, extended Cox model with all variables fitted. * Hazard ratios are specific to a specific time during follow-up for having ever received HAART; for example, at 3 months, a patient who had received HAART (compared with no HAART) has a hazard ratio for death of 0.28. The corresponding hazard ratio at 6 months is 0.32; p values presented for HAART/time-HAART interaction.
† At least three drugs with activity against M. kansasii for at least 3 months, analyzed on subset of patients surviving for at least 90 days.
‡ Hazard ratio for each additional positive culture.
and ATS-defined disease. The lower rate of ATS-defined disease was secondary to fewer total positive cultures. Long-term untreated survivors were also more likely to have received HAART and had higher CD4 counts and lower viral loads. We changed the definition of "long-term untreated survivor" to include only patients who received a maximum of one active agent for less than 1 month. Applying this more stringent definition decreased the number of patients with indolent infection to 12, with generally similar characteristics.
DISCUSSION
In this study, we found that factors that predicted mortality in HIV-infected patients with pulmonary M. kansasii were lower CD4 cell counts, lack of HAART, positive sputum smear microscopy, and lack of adequate mycobacterial treatment. Interestingly, ATS criteria were not associated with mortality, but patients who did not meet ATS criteria were more likely to have indolent infection than those who did. In addition, long-term untreated survivorship (colonization or indolent infection) was associated with a higher CD4 cell count, low HIV viral levels, use of HAART, and a lower frequency of positive sputum smear microscopy, number of positive cultures, and presence of extrapulmonary disease. Taken together, the previously mentioned findings suggest that smear microscopy is a far more powerful predictor of mortality than ATS criteria. In addition, the benefit of treatment seemed to be most apparent in patients with positive sputum smear microscopy. As expected, we found that adequate therapy for M. kansasii, HAART, and higher CD4 counts were all associated with increased survival, suggesting that our sample and model provided valid results. Both HAART (4) and therapy against M. kansasii (2, 3, 7, 9, (14) (15) (16) 19) have been previously shown to be associated with survival.
Compared with many previous studies (2, 3, 5, 10, 15, 20, 21) , ours has the advantage of including patients with a broad spectrum of severity of pulmonary M. kansasii infection. We included all patients with at least one pulmonary M. kansasii isolate, regardless of ATS disease status. Our study is also the largest survival analysis in this disease and includes more untreated patients and more patients with indolent infection than previous reports. In addition, we limited our primary analysis to patients who survived for at least the duration of treatment we were testing, which rigorously addressed immortality bias. Immortality bias is introduced if patients fulfill criteria for entering a particular group (treatment or control) only if they survive for a given period of time (immortal period). In our study, treated patients must have survived for at least 3 months (minimal adequate treatment was defined as at least three active drugs for at least 3 months). An unadjusted analysis would not recognize this inherent survival advantage over untreated patients and would therefore bias the analysis toward finding a survival benefit in treated patients. We therefore limited the assessment of treatment exclusively to patients who survived for at least 3 months (see online supplement to Methods). Our finding of a strong association in this 
Definition of abbreviations:
HAART ϭ ever received highly active antiretroviral therapy after first positive M. kansasii culture; IDU ϭ injection drug use; IQR ϭ interquartile range; MSM ϭ men who have sex with men.
* Non-long-term survivors-died in less than 24 months. † Long-term untreated survivors-survived for at least 24 months, did not receive at least two drugs active against M. kansasii for at least 3 months.
‡ p value for difference between non-long-term survivors and long-term, untreated survivors.
context illustrates the robust effect of treatment on survival. Similar to previous reports, we observed that M. kansasii is primarily a pulmonary disease, even in HIV-infected patients (2-4, 7-10, 14-16, 19-21). Of 14 patients identified with extrapulmonary M. kansasii isolates, 7 had concomitant pulmonary isolates. Unfortunately, because of a limitation in our data collection and availability, we were unable to identify risk factors for the development of extrapulmonary M. kansasii. Using our assumption that patients who survived for at least 2 years in the absence of treatment had indolent infection, the rate of "indolent infection" in our study was 12% (15 of 127). Although the retrospective definition of indolent infection is imperfect, the similarity to the median 8% rate of indolent infection from a recent review supports both our definition and the notion that a significant minority of HIV-infected patients with pulmonary M. kansasii isolates may not require immediate treatment (1) . Based on our data, it may be appropriate to consider a conservative approach of observation in the setting of negative smear microscopy, only one or two cultures positive for M. kansasii and the lack of extrapulmonary disease in an HIVinfected patient. Additional factors supporting a conservative approach might include relatively high CD4 count, low viral load, and the presence of HAART. We must stress, however, that given the association between mortality and the lack of adequate treatment and the finding that the majority of our patients were treated, our results support treating the majority of HIV-infected patients with pulmonary M. kansasii isolates. In addition, we were unable to address whether there had been progression of disease in the untreated long-term survivors, and the relatively large number of patients lost to follow-up makes the retrospective identification of patients with indolent infection even more difficult.
ATS criteria were not developed to aid in mortality prediction in HIV, rather to assist in the decision regarding initiating therapy. In this regard, it is desirable to test their ability to distinguish between active disease and indolent infection. This assessment is hindered by the lack of a gold standard for the presence of disease or indolent infection and the difficulty in retrospectively applying a surrogate empiric gold standard. We think that the ATS criteria have a high positive predictive value regarding the presence of disease, as they require the repeated isolation of an organism in the setting of radiographic abnormalities and symptoms. However, whether the absence of adequate criteria is an accurate definition of indolent infection is less certain and may vary depending on the species of nontuberculous mycobacteria and host factors. In our cohort, ATS criteria did not seem to be a critical factor in the decision to initiate therapy. Although significantly more patients who fulfilled ATS criteria received at least three drugs for at least 3 months, a significant fraction of patients who did not fulfill ATS criteria were treated for M. kansasii. In patients who did not meet ATS criteria, 33% received at least two drugs for at least 3 months, and 19% received at least three drugs for at least 3 months. Using the clinically perceived need for therapy as the definition of "disease," our observations suggest that a significant number of patients who do not fulfill ATS criteria actually have disease. Using ATS criteria to define indolent infection would therefore likely misclassify some patients with clinically important disease as having indolent infection. Although our study was not designed to address these issues specifically, we think that the threshold for initiating treatment should be lower in HIV-infected patients (especially with advanced immune suppression) than HIV-negative patients and lower for M. kansasii isolates than for isolates of less pathogenic nontuberculous mycobacteria species.
Similar to previous studies in this area, our study was limited by its retrospective design. Two key limitations resulting from a retrospective design include an increased risk of confounding and missing data. Confounding may have occurred if clinicians were more likely to treat certain patients with either antiretrovirals or antimycobacterials depending on clinical variables not included in our analyses. Our secondary analyses, including interactions between several key variables and antimycobacterial treatment, found results consistent with the primary analysis. This suggests that confounding did not play a major role in our results. Missing data result in fewer patients included in multivariable models, generally increasing the risk for both type one and type two errors. We limited this problem by eliminating some incomplete variables from the analysis and selectively imputing data for others. Furthermore, choosing a full model for the primary analysis (without automated selection) greatly decreases the number of statistical tests applied and lowers the risk of spurious results (22) . Although we were able to address potential statistical pitfalls associated with missing data, the possibility remains that more complete data would have permitted the development of more informative models. We were unable to explore variables such as clinical stage of HIV infection, duration of exposure to HAART, and treatment effects on viral load and CD4 lymphocyte count in our analyses due to data limitations. In addition, constraining the number of variables in the models precluded assessment of other prognostic variables such as hemoglobin and serum albumin. Missing data also contribute to the difficulty in determining the cause of death. We could attribute only a small proportion of deaths with certainty to M. kansasii. Although this may signify that M. kansasii infection does not increase mortality in HIV, we speculate that many of the deaths that were not directly attributed to M. kansasii may have been, at least in part, due to this infection. We attributed deaths to causes other than M. kansasii infection if they were present at the time of death, which would tend to underestimate the impact of M. kansasii infection on survival (see online supplement to Methods). For this reason, we analyzed our data using all-cause mortality as the primary outcome. Our results are also most generalizable to patients with relatively low CD4 lymphocyte counts and high viral loads, given these characteristics in our patients. Despite the weaknesses of retrospective studies, which generally limit results to hypothesis generation, the absence of prospective and controlled data makes the results of our study and others important to consider in patient management.
In summary, we observed that in HIV-infected patients with pulmonary M. kansasii infection, a high CD4 lymphocyte count, negative sputum smear microscopy, and adequate treatment of M. kansasii were all associated with survival. ATS diagnostic criteria were not useful in predicting mortality. Although we did identify patients who apparently had indolent infection, this was a small minority, comprising a subgroup of patients who did not fulfill ATS criteria. Withholding treatment in HIV-infected patients with respiratory M. kansasii isolates should only be considered in the setting of negative smear microscopy, few positive cultures, relatively mild immune suppression, and the presence of HAART.
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